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ABSTRACT 
The proliferation of economic and recreational activities in the European seas is leading to increas-
ing competition between sectorial interests. Moreover, the effects of climate change – rising sea 
level, temperatures and acidification – are likely to induce unknown instabilities into ecosystems 
and in socio-economic systems alike. A new set of measures, known as Maritime Spatial Planning 
(MSP), can help tackle these effects, by promoting a sustainable use of sea space and an efficient 
adaptation to its changes. Managing maritime areas requires integrating differing sectorial ap-
proaches in a coherent set of policies. In this respect, MSP has been overtaking the concept of In-
tegrated Coastal Management (ICM). The European Commission (EC) drafted its MSP recom-
mendations around the “ecosystem approach”, requiring that all elements of an ecosystem, and 
their mutual interactions, be taken into due account. The selection of suitable geographical units for 
this approach requires the assessment of ecological provinces with homogeneous environmental 
traits. Coastal zones, - where no evident geographic markers, except the coastline itself, bind the 
interaction between atmosphere, land and sea – represent a critical factor in this assessment. A 
coastal province can be defined by physical setting, but also by its bio-geo-chemical features, ide-
ally on the basis of Remote Sensing (RS) data, collected at space/time scales not accessible by 
other means. Classifications based on indicators such as pigments concentration, surface temper-
ature, and roughness-derived parameters like waves and winds, or the direct assessment of sea 
level change, demonstrate the potential of ecological provinces to develop the MSP process. 
INTRODUCTION 
The continuous proliferation of economic and recreational activities in the European marginal and 
enclosed seas is leading to an ever increasing competition between sectorial interests. Environ-
mental conservation concerns are growing about the often-conflicting requirements of sectors such 
as shipping and transport at sea, coastal settlements and ports, offshore oil extraction and wind 
farms, fisheries and aquaculture, as well as recreation and tourism. Moreover, the effects of cli-
mate change – in particular the expected, and feared, sea level rise, higher temperatures and acid-
ification, and frequency of extreme weather events – are likely to induce unknown instabilities into 
ecosystems and in socio-economic systems alike. New dedicated policies can play are required for  
the mitigation of these effects, to promote a sustainable and efficient use of marine space and a 
cost-efficient adaptation to the impact of changes, in coastal waters and pelagic regions as well. 
Given the need to coordinate all maritime affairs - where "maritime" refers to both marine environ-
mental concerns and human activities involving the sea and its resources - the European Commis-
sion (EC) adopted in 2007 the so-called “Blue Book” (1) on a new Integrated Maritime Policy (IMP) 
for the European Union (EU), together with an accompanying Action Plan (2), which was endorsed 
by the European Council in the same year (Figure 1). The set of measures known under the collec-
tive term Maritime Spatial Planning (MSP) is considered a key instrument for the implementation of 
the IMP, in that it will help public authorities and stakeholders to coordinate their action and to op-
timize the use of natural resources, benefiting both economic development and environmental pro-
tection at sea. Thus, a Communication titled “Roadmap for Maritime Spatial Planning: Achieving 
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Common Principles in the EU” (3) was adopted by the EC in 2008 , aiming to facilitate the devel-
opment of MSP by Member States and to stimulate its implementation at national and EU level. 
 
 
Figure 1: Schematics of the new Integrated Maritime Policy for the European Union, as adopted by 
the European Commission, and endorsed by the European Council, in 2007.  
 
Managing maritime areas, to reconcile the needs of protecting their ecological balance and exploit-
ing their natural resources, requires adequate policies integrating differing sectorial interests and 
approaches in a coherent set of measures. In this respect, MSP has been overtaking the pre-
existing concept of Integrated Coastal Management (ICM). The EC has drafted a series of MSP 
recommendations that rotate around an ensemble of 10 so-called key principles. These principles 
should form the “backbone” of a common approach on MSP and its implementation in the Europe-
an Union. The principles have been identified based on existing practice in MSP as well as on in-
ternational and EU instruments that must be respected while setting up a MSP process. 
The main idea behind the key principles is once again that of an “ecosystem-based approach”, or 
ecosystem approach in brief, requiring that all elements of an ecosystem – including the human 
one – and their mutual interactions, be taken into consideration in any management effort. The se-
lection of suitable geographical units, where this approach can be taken, and MSP applied, re-
quires the assessment of ecological provinces, characterized by a coherent set of environmental 
traits. Coastal zones, where no evident geographic markers, except the coastline itself, bind the 
interaction between atmosphere, land and sea, represent a critical factor in this assessment. A 
5th EARSeL Workshop on Remote Sensing of the Coastal Zone  3 
Prague, Czech Republic, 1st – 3rd June, 2011 
coastal province can be defined by physical setting, but also by its bio-geo-chemical features, ide-
ally on the basis of synoptic Remote Sensing (RS) data, collected at space/time scales not acces-
sible by other means. 
In the following, after reviewing the EU rationale and key principles for MSP, the related ecosystem 
approach shall be introduced. The notion of ecological province shall also be reviewed, and a few 
examples provided (in the case of the Mediterranean basin) on how remote sensing can be used to 
asses basic geographical units of marine and coastal ecosystems. 
THE EU RATIONALE FOR MARITIME SPATIAL PLANNING 
The first MSP applications started as early as 1975, in Australia, with the Great Barrier Reef Ma-
rine Park Act, as a management approach for nature conservation. However, in the current under-
standing, MSP stretches far beyond the mere management of coastal seas and oceans for conser-
vation purposes. MSP is now perceived as a neutral instrument for improved decision-making, 
providing a framework for arbitrating between human activities at sea and for managing their im-
pact on the marine environment (4). Its objective is to balance sectorial interests, achieve proper 
use of marine resources and optimize the use of marine space. The sustainable management of 
marine regions depends on the condition of the respective ecosystem(s). The capacity of ecosys-
tems, i.e. the human activities a given ecosystem can cope with, is thus not negotiable. The eco-
system-based approach is consequently the overarching principle of any MSP process, as plan-
ning must seek to protect and enhance the marine environment.  
Oceans and seas encompass highly complex ecosystems that cut across administrative borders. 
The past has shown that sectorial approaches to the exploitation of marine resources do not lead 
to a lasting, balanced and responsible development. Equally inappropriate are unilateral decisions 
made by a State in its own best interests that take no consideration of their effect on neighboring 
States. Indeed, maritime activities always have a cross-border dimension: the world’s oceans and 
seas are interlinked, and action taken in one area will have (whether intended or unintended) ef-
fects on other activities either in the same or in adjacent areas. Challenges like the globalization of 
trade, the worldwide transport of goods, and particularly the changing climate and the need to 
adapt to its effects require cross-sectorial and cross-border management. MSP provides the ap-
propriate framework to meet these requirements. 
Coastal States sharing a common approach to MSP that takes into account cross-border impacts 
will find it easier to avoid conflicts between competing interests; to coordinate the use of limited 
space and resources for the greater benefit of them all; and finally to reduce the economic costs of 
non-coordination. MSP can bring forward a simplified permit systems and reduce the costs of regu-
latory and administrative procedures, providing a transparent and reliable planning framework. 
Both horizontal coordination (i.e. that of different maritime sectors and various human activities), as 
well as vertical coordination (i.e. that of different responsible authorities and governance levels), 
are required. 
The multiple challenges of maritime affairs and the power to tackle them are at presently dealt with 
by numerous public and private players, at different governance levels, from small coastal commu-
nities to the United Nations. Today, there is a maritime dimension to virtually every major issue fac-
ing countries around the world, including the need to adapt to climate change, environmental pro-
tection and conservation, international trade, transport and logistics, security of energy supply, re-
search and innovation, and so on. An integrated approach is therefore indispensable, at every 
governance level, between responsible authorities and levels of governance. This is a very basic 
tool for modern and sustainable policy-making and implementation across sectors, allowing sys-
tematic identification of synergies or inefficiencies, which in turn will lead to more effective and 
cost-efficient political decisions. MSP provides the appropriate framework to organize governance 
levels in a cross-sectorial and better-integrated manner. Thus, it can help to increase the effective-
ness and coherence of national and international policies. 
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It is important to understand that MSP is not static; it is not a status that once achieved will remain 
unchanged for decades. MSP is a circular process that evolves from the agreement on overarching 
goals, and the subsequent definition of future oriented objectives, to meet these goals via a data 
gathering phase to the consultation of stakeholders; the participatory development of a spatial plan 
(including maritime zoning); measures for the plan's enforcement for the final monitoring of the en-
tire process; the evaluation of the achievements and the revision of planning where needed. The 
MSP process must be based on the specificities of individual basins or sub-basins (e.g. ecological 
characteristics, natural processes impacting the local environment, presence of coastal features or 
infrastructures, human activities, etc.). The scope of MSP in terms of geographic coverage will dif-
fer according to regional conditions. Although activities on land may have a direct impact on marine 
regions, MSP manages only maritime activities and activities in coastal waters, and must be coor-
dinated with land management efforts. MSP has to be adaptive, to maintain its strength and full 
potential as an integrated tool. Though planning must be reliable and provide certainty, it is essen-
tial to keep enough flexibility to be able to react on changing framework conditions or political pri-
orities. 
THE EU KEY PRINCIPLES FOR MARITIME SPATIAL PLANNING 
A set of key principles has been derived from current practices and examples in various countries, 
taking into account also EU and international regulations that have to be respected, either during 
the MSP process or when an MSP regime has been established. The United Nations Convention 
on the Law of the Sea (UNCLOS), which balances rights and interests of flag states, coastal states 
and port states, is of particular relevance. The definition of maritime zones, some of which must be 
claimed by coastal states in order to have legal effect, has direct impact on the MSP set up. Also of 
importance is the principle of freedom of navigation, guaranteed under UNCLOS, which is condi-
tional upon rules and standards on maritime safety and protection of the marine environment being 
met.  
In the EU, a substantial body of environmental legislation exists that must be taken into account. 
The Marine Strategy Framework Directive (MSFD) constitutes the environmental pillar of the IMP 
and is of direct relevance for MSP. The Directive requires EU Member States to achieve good ma-
rine environmental status by 2020; to apply an ecosystem approach; and to ensure that pressure 
from human activities is compatible with good environmental status. Member States are required to 
cooperate where they share a marine region or sub-region and use existing regional structures for 
coordination proposes, including third countries when required. The MSFD does not regulate di-
rectly maritime activities, but their impact must be taken into account for the determination of good 
environmental status. In fact, the MSFD forms an important piece of environmental legislation that 
provides legitimacy for MSP processes, not only at national but particularly at international level. 
The following key principles form the cornerstones of MSP implementation in the EU. 
Using MSP according to area and type of activity. Management of maritime spaces through 
MSP should be based on the type of planned or existing activities and their impact on the environ-
ment. A maritime spatial plan may not need to cover a whole area (e.g. EEZ of a Member State). 
For densely used or particularly vulnerable areas, a more prescriptive maritime spatial plan might 
be needed, whereas general management principles might suffice for areas with lower density of 
use. The decision to opt for a stricter or more flexible approach should be subject to an evaluation 
process. MSP operates within three dimensions, addressing activities (a) on the seabed; (b) in the 
water column; and (c) on the surface. This allows the same space to be used by different purpos-
es. Time should also be taken into account as a fourth dimension, as the compatibility of uses in a 
particular maritime region might vary over time. 
Defining objectives to guide MSP. MSP should be used to manage ongoing activities and guide 
future development in a sea area. A strategic plan for the overall management of a given sea area 
should include detailed objective, allowing for arbitration in the case of conflicting sectorial inter-
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ests. 
Developing MSP in a transparent manner. Transparency is needed for all documents and pro-
cedures related to MSP. Its different steps need to be easily understandable to the general public. 
This will allow full information of all parties concerned, improve predictability and increase ac-
ceptance. 
Stakeholder participation. In order to achieve broad acceptance, ownership and support for im-
plementation, it is equally important to involve all stakeholders, including coastal regions, at the 
earliest possible stage in the planning process. Stakeholder participation is also a source of 
knowledge that can significantly raise the quality of MSP. 
Coordination of Member States, simpler decision processes. MSP simplifies decision-making 
and speeds up licensing and permit procedures, for the benefit of maritime users and maritime in-
vestment alike, using a single or streamlined application process. The internal coordination of mari-
time affairs within Member States proposed in the Guidelines for an Integrated Approach to Mari-
time Policy should also benefit the implementation of MSP (5). Developments in the Member 
States (e.g. UK and Scottish Marine Bill) demonstrate that national authorities are keen to reap 
these benefits through the establishment of a coordinating administrative body. 
Ensuring the legal effect of national MSP. MSP does not replicate terrestrial planning at sea, 
given its 3-dimensional character and the fact that the same sea area can host several uses pro-
vided they are compatible. However, in the same way that terrestrial planning set up a legally bind-
ing framework for the management of land, MSP should be legally binding if it is to be effective. 
This might also raise the issue of the appropriate administrative framework for MSP. 
Cross-border cooperation and consultation. Cooperation across borders is necessary to ensure 
coherence of plans across ecosystems. It will lead to the development of common standards and 
processes and raise the overall quality of MSP. 
Incorporating monitoring & evaluation in the planning process. MSP operates in an environ-
ment exposed to constant change. It is based on data and information likely to vary over time. The 
planning process must be flexible enough to react to such changes and allow plans to be revised in 
due course. To meet these requirements, a proper monitoring and evaluation mechanism should 
be part of MSP. 
Coherence between terrestrial and maritime spatial planning. Relation with ICM. Achieving 
consistency between terrestrial planning (including coastal zones) and maritime planning systems 
is a challenge. Coastal zones are the “hinge” between maritime and terrestrial development. 
Drainage areas or land-based impacts from activities such as agriculture and urban growth are rel-
evant in the context of MSP. This is why terrestrial spatial planning should be coordinated with 
MSP. The respective services should cooperate and involve stakeholders so as to ensure coher-
ence. 
A strong data and knowledge base. MSP has to be based on sound information and scientific 
knowledge. Planning needs to evolve with knowledge (adaptive management). The Commission 
has started several scientific and data gathering tools that will assist MSP in this process. These 
include a European Marine Observation and Data Network (EMODNET), the European Atlas of the 
Seas (to be delivered in 2009) and the Global Monitoring for Environment and Security (GMES). 
ECOSYSTEM-BASED APPROACH, ECOLOGICAL PROVINCES, RS APPLICATIONS 
As seen above, MSP and MSFD are considered to be closely linked, in the EC perspective, as the 
elements of one can contribute to the other and vice versa. The ecosystem approach is a legal ob-
ligation of the MSFD and forms also the underlying principle of MSP. The concept of ecosystem 
5th EARSeL Workshop on Remote Sensing of the Coastal Zone  6 
Prague, Czech Republic, 1st – 3rd June, 2011 
approach was defined by the Fifth Conference of the Parties to the Convention on Biological Diver-
sity (CBD), Decision V/6, Annex A, section 1, as “a strategy for the integrated management of land, 
water and living resources that promotes conservation and sustainable use in an equitable way” 
(6). Since then, this approach has been gaining increasing prominence in the field of sustainable 
environmental management and related disciplines (7). Essentially, it recognizes that all elements 
of an ecosystem, including the human one, are linked and it requires that the effects of all actions, 
on every element of that ecosystem, be taken into consideration in any management effort. 
The ecosystem definition provided in Article 2 of the CBD, i.e. “a dynamic complex of plant, animal 
and micro-organism communities and their non-living environment interacting as a functional unit”, 
does not specify any particular spatial unit or scale (in contrast to the CBD definition of habitat) at 
which the approach should be taken. Thus, the term ecosystem does not correspond necessarily 
to a geographical entity, but can refer to any functioning unit at any scale. The scale of analysis 
and consequent action, if any, should be determined by the problem being addressed (8). For 
MSP, it is common to examine interactions of elements of the coastal environment, which may rep-
resent a risk to ecosystem sustainability – e.g. by identifying prioritized threats and associated 
causes, for which ecological quality objectives can be established, in response to environment or 
resources degradation in a given area. The management of these threats is often based on the 
selection of geographical areas where formal and prescriptive guidelines can be reasonably im-
plemented, to mitigate their adverse effects on the ecosystem. The notion of “ecological province”, 
indicating a geographical unit characterized by a coherent set of environmental traits, can be 
adopted for such a purpose. 
In general, an ecological province represents an extended region occupied by a specific ecosys-
tem (hence the abbreviated name of eco-region). The concept – which stems from the original bi-
ome system of classification (9) and subsequent work by the International Union for Conservation 
of Nature and Natural Resources (IUCN) on bio-geographical provinces, developed mainly for con-
servation purposes (10, 11) – is fundamental for the development of conservation and protection 
policies. Eco-regions are often defined using geographical factors, but this could prove to be diffi-
cult for coastal zones, in particular when taking into account their marine component. The delinea-
tion of provinces at sea has been undertaken on the basis of different criteria (12). However, at-
tempts to partition marine waters (such as, e.g., the ‘major fishing areas’ defined by international 
organizations) often have not been guided by obvious physical and biological discontinuities, but 
rather coincided with geo-political concerns or other arguments reflecting human convenience. Any 
management approach based on such preset areas would seriously tend to compromise the con-
cept of what an ecosystem is. 
At sea, an ecological province can be defined by physical traits, like its coastal geographical set-
ting, but similarly, and perhaps primarily, by its bio-geo-chemical features (13). The province 
should have spatial dimensions reflecting, over a given period of time, the scale of the processes 
associated with its ecological characteristics. Moreover, it should have attributes similar to those of 
the environmental indicators used to describe such processes. Proper eco-regions are unambigu-
ously linked to, and identified by, a specific set of interlocked environmental factors; are sensitive 
to changes in a given set of parameters, i.e. the environmental indicators above; and are amenable 
to be monitored in a cost-effective way, from readily available databases of relevant natural and 
socio-economic variables. The boundaries of (coastal) marine eco-regions, in addition, should be 
actual and dynamic rather than fixed and conceptual, mirroring the natural processes shaping 
them. Eco-regions with boundaries preset in time and space, in fact, might not reflect seasonal, 
inter-annual or longer-term variability in the ecosystem, due to human activities or climate change. 
Finally, boundaries should reproduce changes in ecological conditions (defined on the basis of 
threshold values or reference points), which can be recognized and appreciated by the environ-
mental management community at large. 
Given the above definition and properties of ecological provinces, the criteria used to define and 
map coastal eco-regions, allowing an ecosystem approach to MSP, should be based ideally on 
properties that can be measured remotely, over large and synoptic space scales, as well as for 
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long and consistent time periods. Remote Sensing (RS) techniques are best suited to provide the 
kind of data required for this task. Satellite observations of marine surface parameters, such as 
color, temperature and roughness, can be used to guide a functional geographic classification sys-
tem, and provide a rigorous template on which other attributes of the classes or provinces may 
have to be inferred, from either independent databases or statistical associations. Figure 2 shows 
examples of satellite maps (of the Mediterranean Sea), in which RS has been used to outline the 
spatial distribution of various ecosystem indicators: sea surface temperature, differentiating be-
tween near-coastal or pelagic water masses and processes (Figure 2.a); wind speed and direction, 
pointing to atmospheric forcing of the sea (Figure 2.b); chlorophyll-like pigment concentration, a 
proxy of vegetation biomass and primary production (Figure 2.c); oil spill density, as an example of 
anthropogenic impact due to maritime transport and hydrocarbons pollution (Figure 2.d). These 
indicators focus on the “water” side of the shoreline, which represents the most critical factor in the 
establishment of coastal eco-regions. They describe the physical characteristics of near-coastal 
ecosystems, their interactions with atmospheric and continental boundaries, the bio-geo-chemical 
response to such conditions, as well as the impact of human maritime activities. These information, 
together with other indicators if required, can be adopted for the identification of ecological prov-
inces, and the set up of proper basis for an ecosystem approach to the management of each prov-
ince. 
 
Figure 2.a: Sea surface temperature of the Mediterranean (water masses and physical processes). 
October climatological mean, from the 1982-2003 AVHRR historical time series (14). 
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Figure 2.b: Wind speed and direction on the Mediterranean (atmospheric forcing of the marine en-
vironment). February 2003 mean, from the QUIKSCAT historical time series (15). 
 
Figure 2.c: Chlorophyll-like pigment concentration of the Mediterranean (vegetation biomass, pri-
mary production). Annual climatological mean, from the 1998-2003 SeaWiFS historical time series 
(16). 
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Figure 2.d: Oil spill density of the Mediterranean (anthropogenic impact due to maritime transport). 
Annual climatological mean, from the 1999-2004 ERS/MERIS SAR historical time series (17). 
CONCLUSIONS 
Classifications of costal and marine regions, based on indicators such as pigments concentration, 
surface temperature, and roughness-derived parameters like waves or winds, let alone the direct 
assessment of sea level change, can be used effectively for the identification of potential ecological 
provinces. The preliminary results obtained in the European marginal and enclosed seas, covering 
a number of regional differences and environmental priorities, suggest that RS is the ideal tool to 
provide the basis for an ecosystem approach to the management of each province via the devel-
opment of a MSP process. 
At present, experience in implementing MSP remains limited in the EU and around the world, per-
haps with the sole exception of Australia. Some European states are more advanced in planning 
for their coastal and pelagic waters, like the Netherlands, Belgium, Germany or Norway, while oth-
ers have developed new legislation to advance MSP (e.g. the United Kingdom, Sweden and 
France). Nevertheless, numerous challenging issues for a sound implementation of MSP remain 
and are very similar at the international and global scale. The main issue behind the increasing in-
volvement of the EC, in supporting the MSP development, is the evident need of enhanced cross-
border cooperation. 
The need for cross-border cooperation could be seen as a specific European issue, given the rela-
tively small marginal seas (in comparison with the larger oceans bordering other continents) that 
are shared by numerous EU countries. But in fact cross-border cooperation for the sake of mari-
time management is becoming increasingly relevant everywhere, as dynamic (migratory) re-
sources such as fish stocks do not respect national borders, while activities on one side of a border 
have almost certain effects on activities on the other side. In the marine environment, administra-
tive or jurisdictional borderlines loose their dividing character. A common approach to managing 
marine space on each side of the border, based on the synoptic view of remote sensors, would 
thus enable efficient and smooth application of MSP, favoring the development of maritime activi-
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ties and the protection of the marine environment based on a common framework and similar legis-
lative implications. 
MSP is seen as a process that can enhance sustainable growth as it provides legal certainty, pre-
dictability and transparency, thus reducing costs for investors and operators, in particular those 
operating in more than one country. These elements are instrumental in promoting investments 
and creating growth and jobs. In times of changing framework conditions and economic challenges 
it might offer a way to smart ocean management, aiding investment and development that is in line 
with healthy ecosystems. In this view, the application of RS techniques for an ecosystem approach 
to MSP is seen as an integrative, cross-cutting tool that is gaining momentum, not only in EU but at 
the global scale as well. 
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